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Introduction

A prmiar, Gbyre fie 0 STud s s et s et e et ey B e ioatae the i of
Genlopt procs sess it hopee e qnifaces f prangtary bodios [1] Absolate dating of
OCks cepaneton arrer e St e Gf e phainets 1§ currently accomphintied only
through s as af caturred Sarpes oc metner 1o 0 e sl geoc i nnstey
labaratories Lo s aeee bem ey estrament cipabla af determiunng the ages of
rocks an plaes tary i sy hendesg toe Anokogy far solar systent soence Rerent
techroloqieal wraroes and s that such aninstrument s feasible We have formed an
mterd:semphnan team th ecpertiae in the areas of planetary soance, 2ars surface
geoloay. radegen sclepe grechinnistey dad advanced mstrument engincernng Qur
approachis tooaofegrate currently avalabe sty e ntat oo, eacting bortory
technigaes, and racert davalepmaents i phatonics to construct a tahoratary
breadhoard vrtrument capaile of diear iy deterninimag the crystathzation age of a rock
usIg tha robrbum-stranhum jsctape decay aystom This hreadboard insteumeant wdt
form the base tor ammeatuee o st qee Boatogy inatrumaat (ar planetary surface
denlnmaent

Martian Chronology

Remote senseq of phanets such a5 g
can provide a s amportart relitee
chronoloqy of major events. but absolute
tume scates are currently estabhshed only
by indirect mirthods such as impact crater
densities, and eparh toundary ane
uncertainties e as tigh as 2 Gain some
cases. Meteontes thaught to be of Martian
ongin inthcate an extended geologic
history for the planet. »ath anes ranqing
from =36 Gnta -0 15 G b tha rerent
suggesticn that the aldast af tbe “1artin
meteorites contains fossit evidence of hte
has spurred a soresad intorest athe
evolution of “es [2) Anapproachthat
combines Ro er-based in situ surfaca
sensors vith samp's retury bas the
potential to qreatiy enbance aor
understandimng of Y'ars

Martian Epochs
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In Situ Requirements

 planetaly b
size, mass, and energy constraints, lnd it mun be’ clpablo of long-term oponﬂon In %
oxlnmo environments. Morsovaer, it must have the abllity to measure ages that could
range from a few miflions to billions of years, and should be abie to carry out multiple
measurements on the sarhe rock unit. Ideally, the integrated instrument wouid be
compatible with planned sampling strategies, such as chipping or coring of exposed
k

Rubidium-Strontium System

The hasis af t1ra RB-Sr system 1s the docay of " Rb to “ Sr by B — emission with a hali-
Lfe of 488 Ga Ao age s abtiinad by meisanag the ™ Rb: 9 Srand 77 5 £ Sr rating of
two or more yncks ar mirarals, qercrdiy igreous, thouqht tn ba tharntally and
sotenalty enuitibrated at tme zero. ie. during crystallization

A number of ctbar isotope system 3 Bage apprapriate half ives and panstioming
behavier for " actian gonchranetagy, o adnrg e KA Sm-Nd and U-Th-Pb systama
Vir aee currer iy feousing oo thaRb - Srosystom far o sifu geochrnralegy an tha quiface
of Marg and over rocky planetacy bed as for (e falicw ng ro1aan3 However. the
instrument de g concept caeld Ba sepred to drhor intepa s.3temg as selt

The RB-Sr cocay conatant 5 b e ine ;«; aeinge meacured for SMC it onites and
b3 been Lsad aucsaasfully an s e crega of axtraterrest ol materiale

Rband Srars typicaily pricent i coet forming mineala in copeanteiians qraitar or
equal to the creantoatans et imanterg of cther syctoma

Rb ant Sr arn not readily mobii:zod after inr aiparation hito reck-fanmng aureraly
Ther me s sohadde irtedfome s ata tha AD-Sr mas3 rannge

HAZeSSAry Daasuramants S e s ude sanultineously usicng amultichanne! dotector
RE and Srns s mtahiely dosnonization eregas
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Measurement Precision

The pranary challenge 15 to s bose the jequiced v anicy 10d precsion n measunng
RO USEand St fSrranos Frqure 2 shows 2 taopamt aechron far maternals that are
hikedy to be found on the surface of Mars The age os calculated from the slope of the
correlation, S0 the uncenamty (0 the e s rebited to the uncertamty i the stope. Fiqure
3 shoxs the measurement imeertamty sequiced for aqe ancertainties of 05 Ga or leas
The catculations are for a teo-pomtisachron addit anal ponts could redace the
calculated aqe uncertanty As idicated, 1q9es good 1040 5 Ga or batter ¢ nuld he
obtained with ratio measurements far less precise than those achievable by terrestrial
mstraments
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Measuremant precision is a fination of the auntber of ions that are meacured, which in
turn.is a function of the sampling. iomzation, and mass spectrometer efficiencies, as
shownin Figuce 3. For refarence, Fiqure § shows the relatianship hetaean the number of
Srions measured ad tho uncertiinty 0 the measured ™ Sr*5Sr ratio for a thermat
10NIZation Mass spectyameler system
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Instrument Concept

In order to abtam an age usnig the parent daughter systems descnbnd shove anin situ

geochironology mstrument must e capable of Measurng 1sctope concentrations in
multiple mineral crystals from a w\qln rock The instiument we are developing will use
advanced Jaser and nnnatore M35 anilysis techinotogy to implement the sample
pieparatton, 1onzation, and mass mml ;516 mtheea closely inteqrated steps using laser
ablation sampling. resanance ienization, and 10N trap mass spectrometry These stages
currently exist or are under development At tha Jet Propulsion Laboratory.
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Progress

I. Laser Ablation Sampling

Msnerals (targats) sere AbLted a vacuam at 266 tor and 385 ey and ablation produty
(fiims)weee coltected on carbon teflon, and sibicon sehsties The canipasitions of the
targets and Hlins were then compared ta quantity fractionation Chemical teachionation of
major elements. analyzed using Ruthedford hackscattenng spectrometry and x ray
photoelectron spectroscopy. ~as faund ta accur it pradictable and reproducible »ays [4)
A study of chenerat andasotope fractionation of Rb and Stis now ondere:ay usimg
conventional thermal iomizatien mass spectrometry
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ll. Resonance lonization

A low-pover diode-taser compatible resanance
1onization scheme far Sy has been demonctiated on
thermalty evaporated St afews A sailar sehema for
Rb s uniter devetapmeont

TIG 10 Srrasonanceinnizatinn ook

Ill. lon Trap Mass Spectrometry

A min@ture 100 trap mass spectremetar apbmized for combmad laser ablathnn sampling
and resonance 1omzat:on 435 designed and constructed The splt nng elrdirade
provutes near 380 access for the abition laser and the resanance ianization lacers and
permits direct capture of ablaten phinmes The ten storge featuee Aloas averaging of of
multiple samphng evanta. compans thag far tiser and sample vananons Experunents
will be pertormed at a vanety of pregsuros and hackyround gares to determine the
optimal working conditions.
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V. Integration

A braadboard instrument which integratos lisar ablatian sampling, rsanance lonlzatlon,
and lon trap mass spactramatry is now under development

Summary

Results to date mdicate that an in situ qeachronnlagy nstcument based an theRb-Sr
system is a viabla concapt Work io prograss includes taser ablation sampling of natural
minerals. removal of natural inna by alactroatatle daffaction. rasonance tonization of R
and 8r atoms, and mass datection ofRb and St lons






